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(71) We. Siemens Aktiengeseli,- 
SCHAFT, a German Company, of BerL'n and 
Munich^ Germany, do hereby declare the 
invention, for wiiich we pray that a patent 
5 may be granted to us, and the method by 
winch It is to be performed, to be particu- 
larly described in and by the foHowing 
statement: — 

present invention relates to a method 

10 of cutting a plate-shaped crystal into smaller 
pieces, and to apparatus for use in carrvinc 
out the method. 

In industrial and indeed also in non- 
mdustrial electrical equipments, such as for 

15 example kitchen equipment it is to an in- 
creasing degree becoming necessary to use 
semiconductor components whose power 
outputs are relatively low and whose ex- 
ternal dimensions can therefore be relativelv 

20 small. 

The introduction of these small semi- 
conductor components into electrical equip- 
ment on the one hand, and the large num- 
bers m which they are required, on the 

25 other, necessitate the use of particularly 
gnomical methods of mass production. 
These manufacturing methods, however, must 
be so contrived that they also affect the 
electrical properties of the semiconductor 

30 components produced to as small an extent 
as possible. 

Such affecting of the electrical properties 
of a semiconductor component can in par- 
ticular occur at the time of separation of 

35 the component from a basic wafer of large 
ar^ having a sequence of zones parallel 
to the fee© of the wafer, which zones are of 
^ternataig conductivity type. In separating 
the mdmdual semiconductor component 

40 by sawmg or spHtting op^ationsT deep 
damage formations in the crystal structure 
are produced at the cut surfaces, these 
^mage formations virtually short-circuiting 
the p-n junctions which aj^ear at the cut 

45 surface, so that these junctions do not 
^ve a^b]ocking_^ect It is true that 



^^J^^^^<^^y^M^ at the surface 
of the separated semiconductor components 
^ be removed by etchhig; however, for 
mis purpose, aad etching agents, such as. 50 
for example, a mixture of hydrofluoric a^ 
and nitnc add. and long etching tunes are 
necessary, so that contact electrodes made 
of metal and also located on the semicon- 
cuictor component are equally attacked by 55 
the etchmg agent, 

Aa:ording to the invention, there is pro- 
vid^ a method of cuttmg a plate-shaped 
crystal mto smaller pieces whicli comprises 
the steps of placing said crystal with a 60 
mam face upwards on a grid, the face of 
said gnd supporting said crystal being pro- 
vided With a slot, directing a sand jet from 
a nozzle a^mst said of said crystal 
Whilst effcctmg a continuous relative move- 65 
ment between said nozzle and tiie slot in 
said gnd m the longitudmal dhrection of 
said slot to cut said crystal along tiie Ima 
of said slot by sand-blasting, whilst suckme 
away sand from said slot. =»«csmg 

The crystal damage at the cut surface of 
the body separated from the crystal, is venr 
shght mdeed and can be ranoved verv 
rapidly using alfcalmc etching agents which 
on ffli\^^^'^ any metal electrodes located 75 
on tiie bodies, so that tiie blockmg capacity 
of p-n juncm^ns appearhig at tiie cut faces 
are fully effective. Furtiiennore, sharply 
^l^fu ""^^ ^ produced m tiie crj^tcti 
^^^t^^^'^'^^^^^P^^^^odycJul^it SO 

Apparatus for carrying out.tiie method of 
the invention advantageously comprises a 
©nd having a supporting surface for a plate- 
snaped crystal, this supporting surface hav- 85 
ing a pattern produced by two sets of paral- 
lel alots intersecting at right an^es. a nozzle 
tor durectmg a sand jet downwardly towards 
the supporting surface, means for effectine 
relaUve movement between tiie nozzle and on 
any of tiie slots m tiie grid in tiie longitudi- 
nal direction of sjiid slot, and means for 
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sucking sand from the slots. Conveniently, 
the grid comprises a plurality of comb- 
shaped elements spaced apart by spacers 
• arranged between adjacent pairs of comb- 
5 shaped elements, the arrangement of comb- 
shaped elements and spacers being clamped 
together in a frame. A particularly easily 
manufactured grid can also be constituted 
by a metal block which, at the surface pro- 
10 vided for supporting the crystal plate, is 
provided with criss-cross parallel slots and 
underneath is provided with bores opening 
into the slots for withdrawing the sand. 
The invention will now be explained in 
15 more detail with reference to the drawings, 
in which: — 

Figure 1 is a side elevation of apparatus 
for "cutting a plate-shaped crystal into 
.smaller pieces according to the invention, 
• 20 ' Figure 2 is a perspective view of the grid 
shown in Figure 1, 

Figure 3 is a plan view of part of the 
grid of Figure 2 on an enlarged scale. 
Figure 4 is a section through the grid of 
25 Figure 2, taken along the lines A — B and 
B— C, 

Figure 5 is a perspective view of anotlier 
fomT of grid for use in the apparatus of 
Figure 1, and 

30 Fiaure 6 is a section through the grid 
of Figure 5 taken along the line D — ^D. 

Referring to Figure 1, the apparatus in- 
cludes a base 2 having an opening 3 therein 
underneath which a suction pipe 4 is flange- 

35 fitted, the pipe 4 being connected to a suc- 
tion device Tnot shown). On the base 2, 
above the suction opening 3 is a grid 5. The 
grid 5 is secured to the base 2 by two 
mutually opposite brackets 7 which engage 

40 in openings 6 on two mutually opposite side 
surfaces of the grid 5 and are screwed to 
the base 2. The openings or recesses 6 en- 
able the grid 5 to be secured to the base 
2 in an adjustable manner. 

45 On the supporting surface 8 of the grid 
5, wliich surface has advantageously been 
given a lapped finish to within close flatness 
tolerances, four circular crystal plates 9, 
which have simply been shown in broken 

50 line in order not to confuse the drawing, 
are laid flat These crystal plates 9 are ad- 
vantageously stuck to the supporting siu-face 
8 which Is slightiy roughened by the lapping 
operation, wFth a cellulose varnish. The 

55 crj-stal plates 9 can. for example, be silicon 
plates having metal coalings on their main 
faces and in which a sequence of several 
zones parallel to the_main faces and of alter- 
nating conductivity- types are contained. 

60 Using the device shown in Figure 1, a plur- 
ality of small sDicon components are to be 
produced from the silicon plates 9. 

Above the base 2 a sand-blasting blower 
10 is motmted with a nozzle 11 directed 

65 vertically onto the supporting surface 8 of 



the grid 5, the nozzle 11 advantageously 
having a slot-shaped mouth. This sand- 
blasting blower is secured in an adjustable 
manner to a horizontal mounting bar 12 
aiid is provided at its upper end with a 70 
supply hose 14. The bar 12 is in turn 
secured in an adjustable manner to a mount- 
ing 13. The mounting 13 can be displaced 
both in the direction of the arrow 18 in the 
plane of the drawing, and also in the dircc- 75 
tion perpendicular to the plane of the draw- 
ing, parallel to the supporting surface 8 of 
the grid 5. 

As shown in Figures 2 and 3, the grid 5 
consists of a frame 5a, in which a set of 80 
flush metal combs 15 are clamped. The 
tips of the teeth of these metal combs 15. 
together form the supporting surface 8 of 
the grid 5, i.e. the surface which supports 
the crystal plates 9. 85 

The base 2 is arranged to pivot in a plane 
parallel to the supporting surface 8. At its 
periphery, the base 2 is provided with a 
pin 17 tlie movement of which is limited by 
two stop blocks 18 which arc so arranged 90 
that the base 2 can be pivoted through a 
maximum angle of 90** • 

Figure 4 shows a section through the 
arid 5 and the base 2 taken along the chain- 
dotted lines A — B and B— C of Figure 2. 95 

As the section taken along the line A — B 
shows at both sides of the grid 5, between 
each adjacent pair of combs 15, a strip- 
like spacer 16 is located. In this way, slots 
21 parallel to the combs are formed in the 100 
supporting surface 8 as shown in the section 
B—C. As the section A — B shows, slots 24 
p-'rpendicular to the combs 15 are formed 
by the spaces between individual teeth of 
these combs. 105 

After the crystal plates 9 have been stuck 
to the supporting surface 8 of the grid 5. 
the sand-bIastina"blower 10 is arranged with 
the orifice of the nozzle 11 over a slot 21 
and, by displacing the mounting 13, is 110 
moved at a uniform rate in the direction of 
the arrow 18 along the slot 21, commencing 
from the frame 5a of the grid 5. By means 
of the stream of sand particles issueing from 
the nozzle 11, a separating cut is produced 115 
through two of the plates 9 above the slot 
21. The sand used in the sand-blasting 
operation is sucked olf from the slot 21 
throu^ the opening 3 beneath the grid 5. 
In this way. a buiid-up of sand and conse- 120 
quent clogging is avoided. 

After the production of the separating 
cut above the slot 21, the mounting 13 is 
displaced perpendicularly to the plane of the 
drawing in Figure 1 (i.e. in the direcUon of 125 
the arrow 25 In Figure 2) so that the open- 
ing of the nozzle ll is located over another 
slot 21. Thereupon, commencing once 
again from the frame 5a of the grid 5, the 
mountins 13 and thus the blower 10 are 130 
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moved ia the direction of the arrow 18 
along this new slot 21 at a uniform rate, 
and thus a further separating cut through 
two of the crystal plates 9 is produced. 
5 After the production of the separating 
cuts located above the mutually parallel 
slots 2L the mounting 2 is pivoted through 
90°. Then, in the same way as before; sep- 
arating cuts are made through the crystal 

10 plates 9 along the slots 24 which are perpen- 
dicular to the slots 21. Subsequently, the 
tiny silicon bodies thus cut out of the 
plates 9, are released from tihc supporting 
surface 8 of the grid 5, for example* usmg 

15 acetone. 

If the crystal plates 9 are made of 0.3 mm 
thick silicon and if they are provided on 
both main faces with a nickel layer of bc- 
tween 3 and 5 ft in thickness, then a 

20 cutting rate of between 3 and 5 cm/min has 
been found to be expedient The width of 
the cut is advantageously 0J2 mm. This 
width of cut is obtained with a nozzle 11 
having a slot-shaped opening with a width 

25 of 0.15 mm. The width of the slots 21 and 
24 in the grid 5 is advantageously some- 
where between 2 and 3 times that of the 
slot-shaped opening in the nozzle 11. The 
sand used advantageously has a srain size 

30 of between 10 and 30 ft, preferably 20 p,. 
After the cutting of the silicon plates 9 
into the small silicon bodies, which are 
i already provided with flat electrodes, these 

bodies are etched for 1 to 2 minutes in 

35 an aqueous solution of KOH or NaOH. The 
dami^e to the crystal structure produced 
by the sand-blasting operation and occur- 
ring at the surface of these sDicon bodies is 
so sl^t that the damaged portion can be 

40 completely removed by this short etching 
operation and the p-n junctions appearing 
at the cut surfcices have full blocking cap- 
acity without there being any risk of the 
metal electrodes being damaged in any way 

45 whatsoever. 

The blower 10 can also be provided with 
a plurality of parallel nozzles so that it is 
possible simultaneously to produce several 
parallel separating cuts through the crystal 

50 plates 9. 

The alternative form of grid shown in 
Figin-e 5 consists of a metal block 31 m 
the form of a parallelopiped which, on the 
supportmg surface for the semiconductor 

55 plates 9, is provided with criss-cross paral- 
lel slots 32 and 33. Otherwise, similar com- 
ponents have heen given the same reference 
numerals as in Figure 2. 

As the section along the line D illus- 

60 trated in Figure 6 shows, the criss-cross 
parallel slots 32 and 33 extend down to 
about half the height of the metal block 
31. The lower part of the block 31 is 
provided with suction bores 44 which are 

65 advantageously located accurately beneath 



the points of intersection of the slots 32 
and 33 in the upper part of the block 31. 

The grid 31 of Figures 5 and 6 can be 
secured to the base 2 above the suction 
opening 3 in exactiy the same way as the 70 
grid 5 of Figure 2. 

WHAT WE CLAIM IS: — 

1. A method of cutting a plate-shaped 
crystal into smaller pieces which comprises 
the steps of placing said crystal with a main 75 
face upwards on a grid, the face of said 
gad supporting said crystal being provided 
with a slot directing a sand jet from a 
nozzle agamst said face of said crystal 
whilst effecting continuous relative move- 80 
ment between said nozzle and the slot in 
said grid in the longitudinal direction of 
said slot to cut said crystal along the Ime 

of said slot by sand-blasting, whilst suck- 
ing away sand from said .slot. 35 

2. A method as claimed in Qaim 1, 
wherein said support face of said grid is 
provided with a plurality of slots and where- 
in said cot by sand-blasting is along some 

or all of said slots successively or simul- 90 
taneously to separate said plate into a plur- 
ality of smaller pieces. 

3. Apparatus for carrying out a method 
as claimed in Claim 1, comprising a grid 
having a supporting surface for a plate- 95 
shaped crystal, said supporting sur&cc hav- 
ing a pattern produced by two sets of paral- 
lel slots intersecting at right angles, a nozzle 
for directing a sand jet downwardly towards 
said supporting surface, means for effecting 100 
relative movement between said nozzle and 
any of the slots in said grid in the longi- 
tudinal direction of said slot, and means for 
sucking sand from said slots. 

4. Apparatus as claimed in Qaim 3, 105 
wherein said grid comprises a plurality of 
comb-shaped elements spaced apart by 
spacers arranged between adjacent pairs of 
comb-shaped elements, the arrangement of 
comb-shaped dements and spacers being 110 
clamped together in a frame. 

5. Apparatus as claimed in Qaim 3, 
wherein said grid comprises a metal block, 
said slots extending from said supporting 
surface partly through the thickness of said 115 
block, and a plurality of suction bores 
communicating with said slots being pro- 
vided m the side of said block opposite 

to said supporting surface. 

6. Apparatus as claimed in any one of 120 
Claims 3 to 5, wherein said grid is moxm- 
ted on a base rotatable in a plate parallel 

to said supporting surface. 

7. Apparatus as claimed in any one of 
Qaims 3 to 6. wherein said grid is mounted 125 
on a base provided with a suction orifice 
communicating with said slots and connec- 
ted to suction means. 

8. A method of cutting a plate-sha^ed 
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crystal into smaller pieces substantially as 
hereinbefore described with reference to the 
drawings. 

9. Apparatus for cutting a plate-shaped 
5 crystal into smaller pieces substantially as 

hereinbefore described with reference to and 
as shown in Figure I and Figures 2 to 4, or 
Fisures 5 and 6. of the drawings. 

10. A piece cut from a plate-shaped 
10 crystal by a method as claimed in Claim 1, 

or Qaim 2, or Qaim 8. 



For the Applicants, 
. F. REDFERN & CO., 
St. Martin*s House. 
177 Preston Road, 
Brighton BNl 6BB. 
and 

Chansitor House, 
38 Chancery Lane. 
London, W.C2. 
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